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(57) Abstract: Liquid-containing 
photovoltaic element, comprising a 
plate -like work electrode and a plate-like 
counter-electrode adhered thereto by 
means of a vapour and liquid -tight 
peripheral edge, wherein the work 
electrode and the counter-electrode are 
each formed on a flat substrate provided 
with an electrically conductive layer 
and wherein a liquid is received into a 
space between the work electrode, the 
counter-electrode and the peripheral edge, 
wherein a system of mutually connected 
electrical conductors is provided on 
the conductive layer of each of the 
substrates for the work electrode and the 
counter-electrode, which conductors are 
provided with a layer of an electrically 
insulating material, in which layer there 
is provided at least one recess for an 
electrical contact on a conductor, and 
which systems of conductors have a 
mirror-symmetrical form relative to each 
other. 
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LIQUID-CONTAINING PHOTOVOLTAIC ELEMENT 

The invention relates to a liquid-containing 
photovoltaic element, comprising at least a plate-like 
work electrode and a plate-like counter-electrode 
adhered thereto by means of a vapour and ^*'*f* 
5 peripheral edge, wherein a liguid is received in a space 
between the work electrode, the counter-electrode and 

the peripheral edge. 

Such a liquid-containing photovoltaic element is 
known from the European patent application EP-A-0855726 . 
The known photovoltaic element comprises a work 
electrode which is formed by a layered structure of at 
least a first electrically conductive layer which is 
deposited on a first substrate, a layer of 
nanocrystalline metal oxide semiconductor material 
deposited on the first electrically conductive layer, a 
counter-electrode which is formed by a transparent 
second electrically conductive layer deposited on a 
transparent second substrate, and an electrolytic liquid 
contained between the layer of semiconductor material 
and the second electrically conductive layer. In 
practical situations use is usually made of a glass 
plate for the first and second substrate. 

It is a drawback of the known liquid-containing 
photovoltaic element that the contacts for drawing 
current from the element are arranged on edge zones of 
the element, wherein in all cases a first edce zone on a 
first substrate on which is formed a first contact does 
not extend opposite the second substrate, and vice 
versa, a second edge zone on a second substrate on which 
30 is formed a second contact does not extend opposite the 
first substrate. The substrate for the work electrode 
and the substrate for the counter-electrode in the known 
liquid-containing photovoltaic element are offset 
relative to each other so as to provide space for the 
35 electrical contacts. Offsetting of the substrates 
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relative to each other results in a reduction of the 
available effective surface of the photovoltaic element, 
and thereby in a decrease, proportional to that 
reduction, in the maximum power of this element. 
5 It is an object of the invention to provide a 

liquid-containing photovoltaic element in which the 
electrical contacts are arranged in a manner such that 
the substrates for work electrode and counter-electrode 
cover each other completely. 
10 It is a further object to provide such an element, 

the work electrode and counter-electrode of which are 
mutually connected in effective and durable manner and 
into which the electrolytic liquid is introduced in 
simple manner. 

15 These objects are achieved with a liquid-containing 

photovoltaic element of the type stated in the preamble, 
wherein according to the invention a system of mutually 
connected electrical conductors is provided on the 
conductive layer of each of the substrates for the work 

2 0 electrode and the counter-electrode, which conductors 

are provided with a layer of an electrically insulating 
material, in which layer there is provided at least one 
recess for an electrical contact on a conductor, and 
which systems of conductors have a mirror-symmetrical 

25 form relative to each other. 

A photovoltaic element according to the invention 
provides the option of arranging the contacts ( "tabs") 
for drawing current from the element on edge zones of 
the element, without it being required for this purpose 

30 that the substrate for the work electrode and the 

substrate for the counter-electrode are offset relative 
to each other. The mirror-symmetrical form of the 
conductor systems implies that the surfaces between the 
conductors, on respectively the work electrode (with the 

35 layer of semiconductor material) and the counter- 
electrode, also have a mirror-symmetrical form. In a 
photovoltaic element in which the systems of conductors 
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on respectively the work electrode and the counter- 
electrode are opposite, the parts with a layer of 
semiconductor material and corresponding parts on the 
work electrode are also opposite, which enhances the 
5 efficiency of a photovoltaic element. 

The systems of conductors on the respective 
electrodes preferably have a congruent form so that 
during the manufacture of the work electrode and the 
counter-electrode use can be made of one type of 
10 substrate, which is provided with an electrically 
conductive layer on which the system of mutually 
connected electrical conductors is provided. 

In an embodiment of a photovoltaic element 
according to the invention, the electrically insulating 
15 material is an adhesive material, for instance a hot- 
melting plastic material. 

A photovoltaic element, of which the conductors on 
the opposite electrodes are provided with a layer of 
adhesive material, can be manufactured in simple and 
20 cost-saving manner by placing the opposing adhesive 
layers into adhesive and sealing contact with each 
other. A thus manufactured element moreover provides the 
advantage that it is particularly stable and robust 
mechanically. 

25 in yet another embodiment of a photovoltaic element 

according to the invention, the electrical conductors in 
each of the systems are mutually connected on at least a 
part of an edge zone of the respective substrates for 
the work electrode and the counter-electrode. 

30 This embodiment provides the option of forming a 

plurality of photovoltaic cells on two common, opposed 
substrates, wherein a contact for drawing current can be 
arranged in each case on the part of an edge zone where 
the conductors are mutually connected. 

35 in a subseguent embodiment the electrical 

conductors in each of the systems are mutually connected 
on an edge zone extending over the periphery of the 
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respective substrates for the work electrode and the 
counter-electrode . 

In this embodiment one photovoltaic cell is formed 
on two opposite substrates, wherein a contact can be 
5 provided on each of the substrates at a position on the 
edge zone which can be freely chosen. 

The substrates for respectively the work electrode 
and the counter-electrode preferably have a mirror- 
symmetrical form relative to each other, more preferably 

10 the form of a rectangle or a regular polygon, most 
preferably a square form. 

A photovoltaic element with square substrates can 
be manufactured in particularly effective manner and 
thereby at relatively low cost, and using corresponding 

15 elements can be assembled into photovoltaic panels. 

In a practically advantageous embodiment, the 
conductors extend in parallel manner from an edge zone 
over a distance which is smaller than half the width of 
the substrates. 

20 A photovoltaic element according to this latter 

embodiment provides particular advantages during 
manufacture thereof, since the space between the 
respective electrodes in an element with such conductors 
can be filled in rapid manner with electrolytic liquid. 

25 Filling takes place for instance by arranging a 

temporary filling opening in the centre of one of the 
substrates, placing the element on a rotatable disc, 
wherein the filling opening coincides with the rotation 
axis of the disc, and carrying the liquid into said 

30 space via the filling opening while simultaneously 

rotating the disc, in which space the liquid is driven 
in radial direction under the influence of the 
centrifugal force. 

The invention is elucidated hereinbelow on the 

35 basis of an embodiment, with reference to the drawings. 
In the drawings 
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Fig. 1 shows a top view of a first embodiment of a 
photovoltaic element according to the invention, 

Fig. 2 shows the element depicted in fig. 1 in a 
first vertical cross-section along line II-II in fig. 1, 
5 Fig. 3 shows the element depicted in fig. 1 in a 

second vertical cross-section along line III-III in fig. 

If 

Fig. 4 shows in top view a pattern of conductors in 
the element shown in fig. 1, 
10 Fig> 5 shows in top view a pattern of a sealing 

foil in the element shown in fig. 1, 

Fig. 6 is a top view of a pattern of layers formed 
on the substrates for work electrode and counter- 
electrode in the element shown in fig. 1, 
15 Fig. 7 is a top view of the counter-electrode of 

the element shown in fig. 1 during a production phase, 

Fig. 8 shows a top view of a second embodiment of a 
photovoltaic element according to the invention, 

Fig. 9 is a top view of a pattern of conductors in 
20 the element shown in fig. 8, 

Fig. 10 is a top view of a pattern of a sealing 
foil in the element shown in fig. 8, 

Fig. 11 is a top view of a pattern of layers formed 
on the substrates for work electrode and counter- 
25 electrode in the element shown in fig. 8, 

Fig. 12 is a top view of the substrate for the work 
electrodes and the counter-electrodes, provided with 
respectively a TCO layer, of the element shown in fig. 
8, and 

30 Fig. 13 is a top view of the counter-electrode of 

the element shown in fig. 8 during a production phase. 

Corresponding components are designated in the 
drawings with the same reference numerals. It is noted 
that for the sake of clarity components are not shown to 
35 the correct relative scale. 

Figures 1, 2, 3 show a liquid-containing 
photovoltaic element 1 which is assembled from square 
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glass plates 2, 2', on which are successively arranged a 
TCO layer 3, 3' of the transparent conducting tin 
dioxide (Sn0 2 :F) doped with fluorine and a pattern of 
silver (Ag) conductors 4, 4' which are covered by 
5 insulating layers 5,- 5', fused to form a layer, of a 
hot-melting polymer foil, for instance a product 
commercially available from DuPont under the brand name 
Surlyn®. On the upper glass plate 2, 3, 4a pattern 6 of 
dye-sensitized nanocrystalline titanium dioxide (Ti0 2 ) is 

10 arranged between the insulated Ag conductors 4, on lower 
glass plate 2', 3 f , 4' a pattern 7 of a thin layer of 
platinum (Pt) is arranged between the insulated Ag 
conductors 4'. The upper substrate 2 with TCO layer 3, 
Ag pattern 4 and Ti0 2 pattern 6 forms the work electrode, 

15 the lower substrate 2 f with TCO layer 3', Ag pattern 4 ? 
and Pt pattern 7' forms the counter-electrode. In the 
space between work electrode and counter-electrode there 
is received an electrolytic liquid 8 of for instance a 
lithium iodide-iodine solution (Lil-I) . The Ag 

20 conductors 4, 4 f are mutually connected by respective 

conductors which extend along the periphery and on which 
tabs 9, 9 f are arranged for drawing current from element 
1. 

Fig. 4 shows a pattern of Ag conductors 4, 4' on 
25 respectively the work electrode and the counter- 
electrode of the element 1 shown in fig. 1. Patterns 4, 
4' are mirror-symmetrical and congruent, electrical 
conductors 4, 4 1 on the work electrode and the counter- 
electrode are mutually connected on an edge zone 
30 extending along the whole periphery of the respective 
substrate 2, 2', wherein conductors 4, 4' extend in 
parallel manner from an edge zone over a distance which 
is smaller than half the width of substrates 2, 2'. 

Fig. 5 shows a pattern of a sealing foil 5, 5', in 
35 which recesses 11, 11' are arranged for respective tabs 
9, 9' in a manner such that a tab 9 arranged on a work 
electrode is left clear by foil 5 over the conductors 4 



BNSDOCID: <WO 03102986A1J_> 



I 



PCT7NL03/00376 

WO 03/102986 



on that work electrode and is covered by foil 5' over 
the conductors 4' on the counter-electrode, and a tab 
arranged on a counter-electrode is left clear by foil 5 
over the conductors 4' on that counter-electrode and is 
5 covered by foil 5 over the conductors 4 on the work 
electrode. 

Fig 6 shows the pattern of the Ti0 2 layer 6 and the 
Pt layer 7\ which is mirror-symmetrical and congruent 
therewith, on the substrates 2, 2' for respectively the 
10 work electrode and counter-electrode. 

Figure 7 shows the counter-electrode (substrate 2 , 
dimensions 10 cm x 10 cm with Pt layer 7') during a 
phase in the production process prior to filling of the 
element with liquid, provided with a centrally placed 
15 filling opening 32 to be sealed after filling. The 

central placement of filling opening 32 and placing of 
conductors 4, 4', which extend in parallel manner from 
an edge zone over a distance which is smaller than half 
the width of substrates 2, 2', make it possible to 
20 introduce liquid into the space between work electrode 
and counter-electrode under the influence of a 
centrifugal force directed radially from filling openrng 

32 . 

Fig 8 shows a liquid-containing photovoltaic 
25 element 10 assembled from four photovoltaic monocells 20 
which are connected in series and which are made on 
quadrants of common square glass plates 2, 2' on whrch 
are successively arranged a TCO layer 13, 13' of Sn0 2 :F 
and respective patterns of Ag conductors 14, 14', whrch 

30 are covered by insulating layers 15, 15' of a hot 

melting polymer foil which are fused into respective 
layers. On upper glass plate 12, 13, 14 respective 
patterns 16 of dye-sensitized nanocrystalline Tr0 2 are 
arranged between the insulated Ag conductors 14, on 

35 lower glass plate 12', 13 », 14' respective patterns 17 
of a thin layer of Pt are arranged between the insulated 
Ag conductors 14'. The respective TCO layers 13, Ag 
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patterns 14 and Ti0 2 patterns 16 on upper substrate 12 
form the respective work electrodes, the respective TCO 
layers 13', Ag patterns 14' and Pt patterns 17' on lower 
substrate 12' form the respective counter-electrodes. An 
5 electrolytic liquid is received in the spaces between 
the respective work electrodes and counter-electrodes. 
Ag conductors 14 , 14' are mutually connected by 
respective conductors which extend along a part of the 
periphery and on which are arranged connections (not 

10 shown) between the individual monocells 20 for 

connecting in series thereof and tabs 9, 9' for drawing 
current from element 10 . 

Fig. 9 shows patterns of Ag conductors 14, 14' on 
respectively the work electrodes and the counter- 

15 electrodes of monocells 20 of the element 10 shown in 
fig. 8. The patterns 14, 14 1 are separate for each 
monocell and mirror-symmetrical for element 10 , the 
electrical conductors on the work electrodes and the 
counter-electrodes are mutually connected on an edge 

20 zone extending along a part of the periphery of the 

respective substrates, wherein the conductors extend in 
parallel manner from an edge zone over a distance which 
is smaller than half the width of the substrates. 

Fig. 10 shows a pattern of a sealing foil 15, 15* 

25 in which are arranged recesses 21, 21' for respective 
series connections (not shown) and respective tabs 19, 
19' in a manner such that a tab 19 arranged on a work 
electrode is left clear by the foil 15 over conductors 
14 on that work electrode, and is covered by the foil 

30 15' over conductors 14' on the counter-electrode, and a 
tab 19 r arranged on a counter-electrode is left clear by 
the foil 15 f over conductors 14 1 on that counter- 
electrode, and is covered by foil 15 over conductors 14 
on the work electrode. 

35 Fig. 11 shows the pattern of the respective Ti0 2 

layers 16 and, mirror-symmetrical and congruent 
therewith, the Pt layers 17' on the substrates for 
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v. ork electrodes and counter-electrodes, 
respectively the work electro respe ctive 
Fia 12 shows substrate 12, 12 tor 

a „d the counter-electrodes, provided 
work electrodes and the cou olf ^rical insulation 

1 -a 1 V in which electrical mo 

• «<= in cm x 30 cm with Pt layer 
12', dimensions 30 cm x filling of 

placing of conductors 14, 1 - ls 
m anner from an eogs zone over a make 
. lf 4- hp width of substrates 1^, ' 
15 smaller than half the widt be tween 
it possible to introduce liquid ^ *^ xo6ss of 

4.- ~ „ ft rk electrodes and counter elects 
the respective work electro ce ntrifugal force 

m onocells 20 under the influence of a centr 
directed radially from filling openings 42. 
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CLAIMS 

1. Liquid-containing photovoltaic element (1; 10, 
20), comprising a plate-like work electrode and a plate- 
like counter-electrode adhered thereto by means of a 
vapour and liquid-tight peripheral edge, wherein the 

5 work electrode and the counter-electrode are each formed 
on a flat substrate (2, 2'; 12, 12 f ) provided with an 
electrically conductive layer (3, 3'; 13, 13') and 
wherein a liquid (8) is received into a space between 
the work electrode, the counter-electrode and the 

10 peripheral edge, characterized in that a system of 
mutually connected electrical conductors (4, 4'; 14, 
14') is provided on the conductive layer (3, 3'; 13, 
13M of each of the substrates (2, 2'; 12, 12') for the 
work electrode and the counter-electrode, which 

15 conductors (4, 4 f ; 14, 14') are provided with a layer 

(5, 5'; 15, 15') of an electrically insulating material, 
in which layer (5, 5 T ; 15, 15') there is provided at 
least one recess (11, 11 f ; 21, 21') for an electrical 
contact (9, 9'; 19, 19') on a conductor (4, 4'; 14, 

20 14 1 ), and which systems of conductors (4, 4'; 14, 14') 
have a mirror-symmetrical form relative to each other. 

2. Liquid-containing photovoltaic element (1; 10, 
20) as claimed in claim 1, characterized in that the 
systems of conductors (4, 4 f ; 14, 14') on the respective 

25 electrodes have a congruent form. 

3. Liquid-containing photovoltaic element (1; 10, 
20) as claimed in either of the claims 1-2, 
characterized in that the electrically insulating 
material is an adhesive material (5, 5'; 15, 15') • 

30 4. Liquid-containing photovoltaic element (1; 10, 

20) as claimed in claim 3, characterized in that the 
adhesive material is a hot-melting plastic material (5, 
5' ; 15, 15 f ) . 
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20) as claimed in any of the clarm X «. ^ 

in t hat the electrical ^"j^ J, at least . 

each of the systems are mutely substr ates <2, 

5 rTui ~ and «. cou„ter- 

eleCt r L ^ id -cont al n ing photovoltaic ^lament ^ 

— *» rr:.;^: h :i:r:ri;: « — 

of the respective substrates 12, 2 ) 

electrode and the ooun « r " e ^"^ aic element U) 10, 
7 . -.uid-containrn. Photovox a 

20 , as claimed rn any o* «» cl respective ly 
in that the substrates (2, 2 , nave a 

th e wor* electrode and the counte elect 
mi rror-svmmetrical form relative to Ul 

.. Llq uid-containin, tnat the 

20) as claimed in c a.m , charact^ ^ ^ ^ ^ 
substrates (2, 2 , 

polygon. u„ rrt „oitaic element (1; 10' 

9 . ^rd-containin, that the 

20) as claimed in c « ^ ^ ^ 

substrates * „„ frt itaic element as 

10 . ^^^TL, the substrates 

claimed in claim 1, cnarau 

take a rectangular form ±c eleme nt (1; 10, 

11. Liquid-contaxnmg photovoltar 
30 20) as claimed in eitber of tbe cla.ms - 10 ^ 

^ 4« fhat conductors ( 4 f q ' 1 f 
characterized in that conu res pective 

^ ^ =»n pHae zone or tne xeo^ 
in parallel manner om » * _ ^ ± , 

-If' the' width of said substrates ,2, 2,- 

35 12, 12') • 
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